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An  8-week  feeding  trial  was  conducted  to  study  the  effect  of long-term  low-salinity  stress  on  the  growth
performance,  and  expression  of  osmolarity  and  metabolism-related  genes  (Na+-K+-ATPase  -subunit  and
in gills,  trypsin  and  chymotypsin  in  hepatopancreas)  in  white  shrimp  (L. vannamei).  Four  groups  of  the
white  shrimp  (mean  initial  weight,  0.31  ±  0.02  g)  were  cultivated  at salinity  of  2, 10,  20 and  30  psu  for  8-
week.  All  treatments  were  conducted  in  triplicate  of  40 each.  The  results  indicated  that  shrimps  reared  at
salinity  20  psu  and  30  psu  were  signiﬁcantly  higher  in  ﬁnal  weight,  weight  gain  and speciﬁc growth  ratio
than  the  other  treatments  (p < 0.05 when  compared  to  2 and  10), and those  reared  at  salinity  2 psu  were
signiﬁcantly  lower  than the other  treatments  in  growth  performance  and  survival  (p <  0.05  when  com-
pared  to other  treatments).  Quantitative  real-time  PCR  (qRT-PCR)  results  indicated  that  Na+-K+-ATPase
-subunit  and  carbonic  anhydrase  mRNA  levels  at  salinity  2 psu  and  10  psu  were  increased  signiﬁcantlyarbonic anhydrase
rypsin
hymotrypsin
1.79-,  1.65-fold  and  3.22-, 2.31-fold  respectively  according  to salinity  20 psu,  chymotrypsin  and  trypsin
mRNA  level  at salinity  10  psu and  2 psu decreased  signiﬁcantly  15%,  36% and 72%, 45% respectively  accord-
ing  to  salinity  30  psu.  In conclusion,  low  salinity  could,  to some  extent,  reduce  growth  performance  and
survival  signiﬁcantly,  and  inﬂuence  transcript  levels  of  Na+-K+-ATPase  -subunit,  carbonic  anhydrase  in
gills  and  chymotrypsin,  trypsin  in  hepatopancreas.
© 2016  The  Authors.  Published  by  Elsevier  B.V.  This  is  an  open  access  article  under the  CC  BY-NC-ND. Introduction
The Paciﬁc white shrimp (L. vannamei),  which is naturally dis-
ributed on the Paciﬁc coast of the Americas from the northern
exico to northern Peru, has become one of the primary species
eing cultured in the East hemisphere, such as China (Cheng et al.,
006) and Thailand (Saoud et al., 2003). Recently, L. vannamei,  the
uryhaline crustacean, has become a promising cultivar for inland
ow salinity farming in most of the world. However, salinity is one
f the fundamental environmental factors. Under intensive culture,
ariations in salinity may  break homeostasis and lead to signiﬁ-
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/).license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
cant stress, slow growth, low survival rate, and thus, high economic
loss in penaeid shrimp (Laramore et al., 2001; Li et al., 2007, 2008).
However, many of the published studies have concentrated on the
impact of long-term salinity on oxygen consumption (Lemos et al.,
2001), histological changes of hepatopancreas (Li et al., 2008), sur-
vival (Li et al., 2007) and growth performance (Ogle et al., 1992;
Samocha et al., 1998; Silva et al., 2010). We  have reported that some
metabolic-related genes have undergone signiﬁcant changes after
low-salinity stress when the differentially expressed gene library of
L. vannamei was  induced by salinity. For example, hepatopancreas
trypsin and chymotrypsin mRNA expression levels were down-
regulated at long-term low-salinity conditions (Gao et al, 2012).
Previous studies also suggested the importance of Na+-K+-ATPase
and carbonic anhydrase (CA), in the gills of crustaceans and teleosts
under acute salinity stress (Tine et al., 2008; Chung and Lin, 2006;
Henry et al., 2006; de la Vega et al., 2007). However, little stud-
ies have been performed on the relationship between the two
osmo-regulatory enzymes (Na+-K+-ATPase and CA) mRNA levels
and long-term different low salinity conditions. The objectives of
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.
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his study were to examine the growth performance, survival, the
ills Na+-K+-ATPase -subunit and CA mRNA expression, and the
epotapancreas trypsin and chymotrypsin mRNA expression at dif-
erent salinities (2, 10, 20 and 30 psu). The results would not only
elineate the relationship among salinity, growth performance, and
xpressions of osmolarity and metabolism-related gene, but also
ontribute the reference basis of physiological indexes for inland
aline water culture.
. Materials and methods
.1. Experimental design and daily management
Juvenile white shrimps were obtained from the Haixingnong
iotechnology Limited Company, Guangdong, China. Aquaculture
ater was pumped natural seawater (South Sea), with a temper-
ture 27.5 ± 1.5 ◦C and initial salinity 30 ± 0.5. The shrimp were
laced in three cement pools and some of them were allowed to
cclimate slowly to the target salinity of 2 psu: salinity was reduced
y 1–2 psu per day by the addition of tap water that had been
erated for at least 24 h before addition. After one week of accli-
ation, the intermolt and healthy juvenile shrimp (mean initial
eight, 0.31 ± 0.02 g) were separated into four groups and culti-
ated at salinity of 2, 10, 20 and 30 psu in polyethylene-aquarium
310 L water) in indoor ﬂowing water under a 14 h/10 h light/dark
ycle, respectively, for 8-week. All treatments were conducted in
riplicate of 40 each/310 L water. During the experimental periods,
he shrimps were fed with self-formulated feed (42.34% crude pro-
ein, 8.02% crude lipid, 8.75% ash, and 9.23% moisture, refer to Liu
nd Lawrence, 1997; Allen Davis and Arnold, 1993) four times a
ay (6:00, 11:00, 17:30 and 22:30). The water was aerated and 40%
hanged daily with the adjusted seawater. Based on the amount of
eed remained in the following day, daily rations were adjusted to
pproximate a feed input in slight excess of satiation. The uneaten
eed was daily removed with a siphon tube.
.2. Sampling, RNA isolation, and quantitative real-time PCR
qRT-PCR)
At the end of the 8-week experiment, the shrimps were deprived
f feed for 24 h before weighing. The indexes of growth perfor-
ance and survival were collected. 9 shrimps from each tank
ere anesthetized on ice, and the hepatopancreas and gills were
emoved into 1.5 mL  eppendorf centrifuge tube (RNAase free),
rozen in liquid nitrogen immediately, and then stored at −80 ◦C
or subsequent analysis. The total RNA of each sample was  isolated
ith the Unizol Reagent (GENEray biotechnology, China) accord-
ng to the manufacturer’s instructions. Total RNA concentration
as detected by Pharmacia GENEQUANTII (Eppendorf) ultraviolet
pectrometer, and was stored at −80 ◦C refrigerator after conﬁrm-
ng RNA integrity by agarose gel electrophoresis. The isolated total
NA was treated with RQI RNase Free DNase (TaKaRa, Japan) to
ecompose genomic DNA in total RNA according to the manufac-
urer’s instructions. cDNA template was synthesized by SuperScript
ITM RT reverse transcriptase (Takara, Japan) according to the man-
facturer’s instructions and stored at −20 ◦C until for quantitative
eal-time PCR. The relative rnRNA expression was analyzed by
RT-PCR with the ABI PRISM® 7500 Real Time Thermal Cycler
Applied Biosystem) using the SYBR® PrimeScript® RT-PCR Kit
TaKaRa, Japan) according to the manufacturer’s instructions. The
-actin was chosen as a housekeeping gene (Sellars et al., 2007),
nd primers for quantitative real-time PCR of Na+-K+-ATPase -
ubunit, CA, trypsin, chymotrypsin and -actin genes of L. vannamei
isted in NCBI Genebank were aviable in Supplemental document
 and was synthesized by Shanghai Jierui bioengineering corpora-ports 4 (2016) 125–129
tion. The Real-time PCR reaction used the same protocol reported
previously (Gao et al, 2012). Three parallels were to be made by each
replication of three samples, the result of calibrator (control group)
is deﬁned as 1, the other treatment of target gene difference expres-
sion times is calculated by 2−CT (CT is threshold cycle) (Livak and
Schmittgen, 2001) comparing to the calibrator.
2.3. Experimental formulation and statistical analyses
The indexes for the assessment of growth performance were
calculated as follows:
Weight gain(%) = 100 × (Wt  − W0
)/W0(W0is the initial weight and Wt  is the ﬁnal weight)
Survival rate(%) = 100 × (ﬁnal shrimp number)/(initial shrimp nu
Speciﬁc growth rates(%) = 100 × (ln Wt − ln W0)/t(W0
is the initial weight and Wt  is the ﬁnal weight, t is the breedi
All data were subjected to one-way analysis of variance
(ANOVA) and correlation analysis where appropriate using SPSS
17.0 for windows. Differences between the means were tested
by Tukey’s multiple range test and the results are presented as
mean ± S.D.M. (standard deviation of the mean). The level of sig-
niﬁcance was  chosen at P < 0.05.
3. Results
3.1. Effect of salinity on the growth performance and survival rate
Table 1 showed the growth performance and survival of juvenile
white shrimp at different salinities. Shrimps at 2 psu had the low-
est ﬁnal weight, SGR and SR (p < 0.05). Shrimps at 30 psu and 20 psu
had highest ﬁnal weight, SGR than the other groups (p < 0.05). There
were not signiﬁcant difference in ﬁnal weight and SGR  between
salinity 20 psu and 30 psu, however there were signiﬁcant differ-
ences among groups in ﬁnal weight, SGR and SR (p < 0.05).
3.2. Effect of salinity on the Na+-K+-ATPase ˛-subunit and CA
mRNA expression
Gills relative Na+-K+-ATPase -subunit and CA mRNA levels of
white shrimp (L. vannamei)  were measured by qRT-PCR at different
salinities (Figs. 1 and 2). The results indicated that Na+-K+-ATPase
-subunit mRNA levels at salinity 2 psu and 10 psu were signif-
icantly up-regulated according to salinity 20 psu and 30 psu, CA
expression levels among salinity 2, 10 and 20 psu had signiﬁcant
differences each other, however there were not signiﬁcant differ-
ences in Na+-K+-ATPase -subunit and CA mRNA levels between
salinity 20 and 30 psu. According to salinity 20 psu, Na+-K+-ATPase
-subunit expression at salinity 2 and 10 psu were increased 1.79
and 1.65-fold, CA mRNA expression were signiﬁcantly increased
3.22- and 2.31-fold, respectively.
3.3. Effect of salinity on the trypsin and chymotrypsin of
hepatopancreas mRNA expressionTrypsin and chymotrypsin mRNA levels in hepatopancreas of
white shrimp (L. vannamei)  were measured by qRT-PCR at different
salinities (Figs. 3 and 4). The results indicated that chymotrypsin
mRNA level was signiﬁcant down-regulated with the decreasing
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Table  1
Growth performance and survival of L. vannamei at different salinities.
Growth index salinity2 salinity10 salinity20 salinity30
initial weight (g) 0.31 ± 0.03 0.30 ± 0.06 0.30 ± 0.02 0.32 ± 0.02
ﬁnal  weight (g) 6.38 ± 0.35a 7.53 ± 0.41b 8.88 ± 0.22c 8.72 ± 0.34c
SGR (% d−1) 5.40 ± 0.05a 5.76 ± 0.08b 6.05 ± 0.05c 5.90 ± 0.10bc
SR (%) 85.31 ± 3.68a 99.26 ± 1.12b 100.00 ± 0.00b 100.00 ± 0.00b
Note: All values represent the mean ± S.D. (n = 3; All treatments were conducted in triplicate of 40 each), same letters in the same column series indicate no difference,
different letters indicate signiﬁcant in the test (P < 0.05, Tukey’s test).
Fig. 1. Gills relative Na+-K+-ATPase -subunit mRNA levels of white shrimp, L. vannamei at different salinities. Bars bearing different letters are signiﬁcantly different, same
letters  indicate no differences (p < 0.05; Tukey’s test).
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oig. 2. Gills relative CA mRNA levels of white shrimp, L. vannamei at different sal
ifferences (p < 0.05; Tukey’s test).
f the salinity, however there were not signiﬁcant differences
etween salinity 20 and 30 psu. According to salinity 30 psu,
hymotrypsin mRNA expression at salinity 10 and 2 psu were
ecreased 15% and 36%, trypsin mRNA expression at salinity 20, 10
nd 2 psu were signiﬁcantly decreased 20%, 72% and 45%, respec-
ively.
. Discussion
Low salinity shrimp aquaculture can not only control the out-
reak of the epidemic disease, but also make full use of the
aline-alkali land, thus low salinity shrimp aquaculture became
opular in many countries (Roy et al., 2007). The white shrimp,
o be the euryhaline crustacean, has a tolerance of a wide range of
alinity from 0.5 to 40 psu, which is hypo-osmoregulator and hyper-
smoregulator when the ambient salinity is above and below. Bars bearing different letters are signiﬁcantly different, same letters indicate no
isotonic point of 718mOsm kg−1 (equivalent to 25) (Castille and
Lawrence, 1981). Numerous studies have concentrated on the opti-
mal  salinity for the growth performance of L. vannamei,  many of
them think that shrimps had optimal growth performance near iso-
tonic point (Bindu and Diwan, 2002). In this experiment, salinity
20 and 30 psu were close isotonic point, and the growth perfor-
mance and survival were signiﬁcant higher than that of salinity 2
and 10 psu. This conclusion is the same as Li et al. (2007). However,
Samocha et al. (1998) observed no difference in growth or survival
between 2 and 8 psu but they worked with 2 g L. vannamei juveniles
rather than postlarvae. Ogle et al. (1992) found no difference in the
growth of 22-day-old L. vannamei postlarvae grown at 2 psu and
those grown at 16 psu. The research performed by Laramore et al.
(2001) showed that L. vannamei postlarvae and juveniles can be
grown successfully at 4 psu but negatively affected both postlarvae
survival and growth. According to above researches, the different
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Fig. 3. Gills relative trypsin mRNA levels of white shrimp, L. vannamei at differ-
ent salinities. Bars bearing different letters are signiﬁcantly different, same letters
indicate no differences (p < 0.05; Tukey’s test).
b
a
c
a
0
0.2
0.4
0.6
0.8
1
1.2
salinity30 salinity20 salinity10 salinity2
m
R
N
A
 re
la
tiv
e 
ex
pr
es
si
on
chymotrypsin
Fig. 4. Gills relative chymotrypsin mRNA levels of white shrimp, L. vannamei at
d
l
d
i
o
a
t
t
i
t
i
w
t
e
t
C
g
q
t
(
g
l
t
2
C
d
l
c
t
i
r
i
m
e
u
Carcinus maenas. Comp. Biochem. Physiol A. 136, 243–258.ifferent salinities. Bars bearing different letters are signiﬁcantly different, same
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evelopmental stage of L. vannamei had the different adaptive abil-
ty to low salinity, once the salinity ﬂuctuation was  beyond the
smotic regulation range, growth and survival would be affected
ccordingly.
Mostly studies about salinity stress on osmo-regulated genes
ranscription levels concentrated on acute salinity changes with
he development of real-time ﬂuorescence quantitative techniques
n recent years. The gene expression of Na+-K+-ATPase and CA,
o be two of the important ion-transport enzymes of regulat-
ng the hemolymph osmotic adjustment and ion concentration,
ere strongly up-regulated after acute salinity stress, however,
he up-regulating margin and induction time of two ion-transport
xpression were different among the different species of crus-
aceans and different stages of the same species (Henry et al., 2006;
hung and Lin, 2006). Rainbow crab Neohelice (chasmagnathus)
ranulate, Na+-K+-ATPase -subunit mRNA levels measured by
PCR increased in posterior gills between 6 and 24 h following
ransfer of crabs from 30 psu to 2 psu salinity in the South American
Luquet et al., 2005). QPCR measurements of CA mRNA in posterior
ills of C. maenas showed that mRNA levels increased by 6 h fol-
owing transfer from salinity 32 psu to 15 psu, peaked at 24 h post
ransfer, and remained high through 14 days (Serrano and Henry,
008). Transcripts encoding the -subunit of Na+-K+-ATPase and
A increased in abundance between 6 and 24 h following salinity
ilution using qPCR in the green crab C. maenas (Towle et al., 2011).
In this experiment, the Na+-K+-ATPase -subunit and CA mRNA
evels at salinity 20 and 30 psu near isotonic point were signiﬁ-
antly lower than salinity 2 and 10 psu, and the transcript levels of
wo genes were more higher with the decreasing salinity, which
ndicated that the transcript levels height of two osmo-genes could
eﬂect the physiological stage of L. vannamei,  the more closer the
sotonic point, the more lower of salinity stress pressure, and the
ore lower of Na+-K+-ATPase -subunit and CA transcripts lev-
ls, then combing with the growth data, above of which could
nderstand the reason of poor growth performance at extreme lowports 4 (2016) 125–129
salinity because of taking more much energy to maintain osmotic
stress state.
Trypsin and chymotrypsin are alkaline proteolytic enzymes
present in the shrimp hepatopancreas. They belong to the ser-
ine protease family (de Morais Guedes et al., 2005), and play an
important role not only in digestion but also in immune defense
(Muhlia-Almazan et al., 2003), such as activation of crustaceans
prophenoloxidase (Lai et al., 2005; Thomas-Guyon et al., 2009). For
crustaceans, the digestive enzyme concentration is related with
the secretion rate of enzyme protein synthesis in digestive gland
and the degradation rate of enzyme protein in the digestive tract,
whereas the digestive enzyme synthesis rate depends on transcrip-
tion of mRNA synthesis and regulation of translation stages (Sainz
et al., 2005). Gao et al. (2011) found that the reason of trypsin and
chymotrypsin expression levels in L. vannamei did not change after
short-term (24 h) stress may  be connected to stress recovery.
This experimental results show that trypsin and chymotrypsin
mRNA expression at salinity 2 and 10 psu were signiﬁcantly lower
than salinity 20 and 30 psu after 56-days low-salinity aquaculture,
above of which may  be related with immunodepression. Which,
along with lowing salinity, chymotrypsin expression level was sig-
niﬁcantly decreased, suggesting that there was  a link salinity and
digestion reaction, the speciﬁc mechanism needs further study,
and need to combine the digestive enzyme activity to ﬁnd out
whether salinity stress during the digestive enzyme synthesis rate
was inhibited, thus affecting the growth performance of animals.
In conclusion, low salinity could, to some extent, reduce growth
performance and survival rate signiﬁcantly. Long-term salinity
stress could increase Na+-K+-ATPase -subunit and CA transcripts
levels in gills, decrease the trypsin and chymotrypsin transcripts
levels in hepotapancreas. The height of Na+-K+-ATPase -subunit,
CA and chymotrypsin gene transcripts levels could reﬂect the phys-
iological stress state of penaeid shrimp.
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